The genus Rhabdosciadium Boiss. is represented by five species in the world. Three of these five species are naturally spread in Iran and the others are found in Turkey. Rhabdosciadium is represented with Rhabdosciadium microcalycinum Hand.-Mazz. and R. oligocarpum (Post ex Boiss.) Hedge & J.M.Lamond in Turkey. The comprehensive morphologic description of these two species' samples collected from Elazig and Osmaniye is made. In addition, the fruit and pollens are examined by the electron microscope (SEM) and their diagnostic characteristics are evaluated. Using the Inter-Simple Sequence Repeat (ISSR) as the DNA finger printing method, the molecular relationship between both of the species are examined. Also, the molecular connection of the Rhabdosciadium Boiss. species with the Echinophora L., Myrrhoides Heister ex Fabr., Chaerophyllum L. and Anthriscus Pers. genera is studied and their phylogenetic relations are shown with the dendogram. In addition to this information their distribution map is given.
Introduction
Apiaceae comprise approximately 450 genera and 3700 species worldwide (Constance 1971; Pimenov & Leonov 1993) . But the numbers of the species within the genera are different, genera of 41% are monotypic and 26% consist of only 2-3 species. 60 percent of the species are accumulated into a few genera which are over 20 polyphyletic species (Spalik et al. 2004 ). The family consists of 102 genera and 434 species in Turkey (Erik & Tarikahya 2004) . Also, three endemic genera and 140 endemic species belonging to 42 genera are distributed in Turkey (Pimenov & Leonov 2004) . Turkey is the most complex country in the Middle East with regard to structure and landforms. It's built up of comparatively narrow and long, variously oriented mountain chains, separated by deep valleys and also high and medium plateaus. Composition, direction, exposure and altitude of these mountains are here largely decisive not only in regards to the diversity of vegetation but also to the richness of the flora (Zohary 1973) .
Apiaceae is one of the best-known families of flowering plants. The family members include many commonly grown vegetables (carrot, parsnip) and condiments (chervil, cumin, parsley, dill) . They owe their distinctive flavor largely to diverse essential oil compounds in the fruits and leaves, which not only account for their culinary use but also account for their wide application in medicine. The family also encompasses wide spread weeds and toxic plants (Downie et al. 2000) .
A molecular approach has contributed to understanding of evolutionary relationships of Apiaceae. Phylogenetic analyses of the family using chloroplast DNA (cpDNA) sequences Plunkett et al. 1996; Downie et al. 1998) , cpDNA restriction sites (Plunkett & Downie 1999) , and nuclear ribosomal DNA internal transcribed spacer (ITS) sequences Downie et al. 1998; Katz-Downie et al. 1999) offer an alternative classification of Drude (1898) .
The genus Rhabdosciadium Boiss. is represented with five species in the world (Davis et al. 1988; Hedge & Lamond 1972 , 1987 , with a diversity centre in Irano-Turanian and Mediterranean phytogeographic regions. Three of these species are naturally spread in Iran (Hedge & Lamond 1987; Hedge et al. 1987 ) and the others distribute in Turkey. All of the species of Rhabdosciadium are locally spread and endemic. Their species are known as glabrous, perennial, leafless, multibranched, and junciform.
Rhabdosciadium is represented by two species in Turkey. These are Rhabdosciadium microcalycinum 452 A. Duran et al. Hand.-Mazz. and R. oligocarpum (Post ex Boiss.) Hedge & J.M.Lamond. The endemic R. microcalycinum is found only in the surroundings of Elazig and Bingöl provinces. The samples of the R. oligocarpum are first collected by G. Post in 1884 and it grows only in Osmaniye province. This species is listed under species incompletely known in Turkish Flora (Hedge & Lamond 1972) . A comprehensive morphologic description of these two species' samples collected from Elazig and Osmaniye provinces are made.
The aim of this study was to determine the genetic relationships among the selected Irano-Turanian and Mediterranean phytogeographic region originated Rhabdosciadium species with the Echinophora L., Myrrhoides Heister ex Fabr., Chaerophyllum L. and Anthriscus Pers. species and to resolve their unclear and controversial status, based on conventional morphological status, by using a DNA based molecular marker system.
Material and methods

Plant material
Rhabdosciadium specimens were gathered from the Osmaniye and Elazıg provinces during vegetation seasons of [2002] [2003] [2004] [2005] [2006] [2007] . The collected specimens were marked with researcher's number and dried according to standard herbarium methods. The Flora of Turkey (Hedge & Lamond 1972; Davis et al. 1988; Güner et al. 2000) and the Flora Iranica (Rechinger 1987) were used to identify the plant samples. The collected plant specimens are kept in GAZI, KNYA and Selçuk University Education Faculty Herbaria. Nuclear DNAs of the dried leaves in silica gel and herbarium material leaves which belong to Rhabdosciadium Boiss. species with the Echinophora L., Myrrhoides Heister ex Fabr., Chaerophyllum L. and Anthriscus Pers. species were collected from Turkey. The examined specimens are given in appendix and map (Fig. 1 ).
Pollen and fruit micro-morphological studies For palynological studies, pollen samples were taken from the specimens at herbarium KNYA and prepared for light microscopy (Wodehouse 1935) , with descriptive terminology from Faegri & Iversen (1975) . Measurements on a Nikon E600 (Nikon Corporation, Tokyo, Japan) microscope were based on ca. 50 samples for pollen diameter and ca. 10 samples for other features. For SEM studies, pollen grains were hydrated with 10% KOH for ca. 10 min., then rinsed with distilled water and dried before mounting and sputter coating with gold for SEM micrographs with a JSM-5600 (JEOL Ltd., Tokyo, Japan) microscope. SEM micrographs for fruit morphology were similarly taken and the descriptive terminology of Ertman (1969) is followed.
DNA isolation
Total DNA was obtained from 50-75 mg dried leaf tissue from six different individuals. An extraction followed the procedure of Doyle & Doyle (1987) (2X CTAB method), but some modifications were applied. DNAs were isolated for every genotype and concentrations were determined by Nanodrop. Sample DNAs were diluted to 25 ng/µL. Stock DNAs were kept at 80
ISSR amplifications
ISSRs were the molecular tools utilized in DNA fingerprinting. Out of 18 primers, 8 most suitable (in terms of repeatability and the ability to distinguish between varieties) were selected for identification. The characteristics of the primers used are given in Table 1 . Each reaction contained 25 µL. PCR reactions were performed in a master mix containing 2.5 µL PCR buffer (10 mM TRIS/50 mM KCl buffer, pH 8.0), 3 µL 25 mM MgCl2, 0.5 µL of each primer, 0.5 µL of dNTP mix, 0.4 µL Taq DNA polymerase, 4 µL of each DNA and 14.1 PCR water. After a pre-denaturation step of 3 minute at 94
• C, amplification reactions were cycled 40 times at 94
• C for 1 minute, at annealing temperature (Table 1) for one minute and at 72
• C for minute in eppendorf Mastercycler gradient thermocycler. A final extension was allowed for 10 minutes at 72
• C. Upon completion of the reaction, aliquots of PCR products (15 µL) were mixed with optimum annealing temperature was determined for each primer.
Data collection and cluster phylogenetic analysis
Amplified fragments were visualized under a UV transiluminator and photographed using a gel documentation system (Vilbert Lourmat, Infinity model). All the fragments amplified were treated as dominant genetic markers. Each DNA band generated was visually scored as an independent character or locus (1 for presence and 0 for absence). Qualitative differences in band intensities were not considered. Every gel was scored in triplicate (independent scorings) and only the fragments consistently scored were considered for analysis. A rectangular binary data matrix was prepared and all the data analysis was performed using the Numerical Taxonomy System, NTSYS-pc version 2.02 (Applied Biostatistic, Exeter Software, Setauket, New York, USA). In cluster analysis of the samples the unweighted pair-group method with the arithmetic mean (UPGMA) procedure was followed (Rohlf 1992) . In order to determine the ability of ISSR data to display the inter-relationships among the samples, data analysis was conducted using NTSYS-pc package.
Results
Plants were collected from different locations, from the natural Turkish flora, and transferred to the laboratory in silica gel dried form.
From an initial screening of 18 ISSR primers, ten primers revealed high levels of polymorphisms. These primers generated 91 highly polymorphic fragments that were consistently amplified in repeated experiments conducted at separate dates. The GC percentages of the selected primers were within the range of 38.9-68.4% (five of them being 52.6%). Nine of the primers were 19 bp long, the six were 18 bp, the two were 16 bp and one of the primers was 15 bp in size. Annealing temperatures of the oligos were about 1
• C lower than their melting temperatures. The characteristics as well as the sequences of the primers revealing polymorphisms are shown (Table 1 ). In total, the average number of polymorphic fragments per primer used mm diameter at base. Sterile shoot leaves developed more than fertile leaves, petiolate 5-8 cm, glabrous, slightly sulcate, base of petiole winged, lamina ovate to triangular, 14-23 × 7-13 cm, trifid to 2-3-pinnate, ultimate segments 20-60 × 1-4 mm, linear to lanceolate, 1-4 distinctly linear-lanceolate toothed, rarely entire. Basal leaves reduced to broadened petiole and few divaricate filiform primary and secondary segments, 5-20 × 0.8-2.2 cm (excl. segments), sulcate. Lower cauline leaves much reduced, few filiform segments or awl shaped. Middle and upper cauline leaves awl shaped, glabrous. Apex of main axis sterile and umbel absent. Peduncle entirely on main axis, very short, 0-5 mm and covered with 4-6 bracteates, bracteates amplexicaule, overlapped, lanceolate, membranous margin, 1-1.5 mm, brownish. Rays 3-4 (-5), ± equal, 7-15 mm at most. Bracts 3-4, persistent, lanceolate, 1.5-2.5 mm, very similar to peduncle bracteata, glabrous. Bracteoles c. 4, oblong-linear, acute, 1.5-2.5 mm. Pedicel 5-6, subequal; sterile pedicels caducous in mature. Flowers hermaphroditic, centre flower only fertile and mostly sessile or short petiolate, the other flowers pedicellate and when ripe caducous. Sepal reduced, obtuse. Petals white, oblong, c. 1 × 0.6 mm, incurved, glabrous. Anthers yellowish. Stilopodium slightly conical immature fruits, later flat to slightly short conical and almost embedded in corky pericarp, one of the mericarps mostly well developed. Mature fruit linear to oblanceolate, slightly curved especially above, 13-24 × 1.5-2.5 mm, glabrous; styles divergent, 2.5-3 mm. Type: Turkey. B7 Elazig: narrow pass of West Tigris between Arghana Maaden and Kesin, Handel-Mazzetti 2632. Ir.-Tur. Element. Endemic.
Rhabdosciadium oligocarpum (Post ex Boiss.) Hedge & Lamond (Fig. 3) Perennial herb, junciform, 40-90 cm, with thick taproot, cylindrical, ± vertical, 7-15 mm diameter. Stem entirely dichotomous branched, angled, triquatreous to slender, glabrous, with a well developed fibrous collar 3-7 cm, 3-10 mm diameter at base. Leaves of sterile shoots well developed, long-petiolate, 6-12 cm, glabrous, slightly sulcate, base of petiole winged, lamina broadly ovate to triangular, 18-32 × 12-20 cm, trifid to 3-pinnate, ultimate segments 30-100 mm × 1-10 mm, linear to lanceolate, entire or 1-2 distinctly linear-lanceolate toothed; basal leaves reduced to broadened petiole and few divaricates filiform segments, 5-9 × 0.8-1.5 cm (excl. segments), clearly sulcate. Lower cauline leaves much reduced few filiform segments or awl shaped. Middle and upper cauline leaves awl shaped, glabrous. Peduncle 2-12 cm. Rays (2-)3-4, subequal, 15-35 mm at most. Bracts (2-)3-4, persistent, linear-subulate, 3-4 mm, glabrous. Bracteoles 3-6, linear-lanceolate, acuminate c. 2 mm, persistent. Pedicel 5-8, subequal. Flowers hermaphroditic, only centre flower fertile and mostly sessile or 3-4 mm long, the other flowers sterile, pedicellate and when ripe caducous. Sepal obsolate. Petals white, oblong, c. 1 × 0.6 mm, incurved, glabrous. Anthers initially purple to brownish, later yellow. Stilopodium distinctly conical, not embedded in corky pericarp, mericarps always well developed. Mature fruit linear-oblong to oblanceolate, 18-23 × 1.5-2 mm, glabrous; styles divergent, 3-4 mm. Type: Turkey. C6 Hatay: Kaipokdagh, ix 1884, G.Post (BEI, photo E!).
Fruit micromorphology
The stilopodium in Rhabdosciadium oligocarpum (A.Duran 6342) is distinctly conical and not embedded in corky pericarp. The dorsal surface is clearly longitudinally striate. The stilopodium in R. microcalycinum (A.Duran 6368) is flat to slightly short conical and almost embedded in corky pericarp. The dorsal surface is generally smooth or slightly striates (Figs 4, 5, 6, 7) .
Palynology
Prolate pollen grains are found in Rhabdosciadium oligocarpum (A.Duran 6283) and R. microcalycinum (H.Duman 8433). The outer contours are slightly angled or curved. The polar ends are rounded and the tectum is striate-rugulate in both species (Table 2, Figs  8, 9 ).
Discussion
The genus Rhabdosciadium has five species and their distributions are very local in the world. Rhabdosciadium species which grow naturally in Irano-Turanian and Mediterranean phytogeographic region were col-Figs 4-7. SEMs of fruit coat surface and wall details of Rhabdosciadium microcalycinum and R. oligocarpum. R. microcalycinum: 4 -fruit coat surface, 6 -wall details. R. oligocarpum: 5 -fruit coat surface, 7 -wall details.
Figs. 8-9. SEMs of pollen grains in Rhabdosciadium microcalycinum and R. oligocarpum respectively prolate pollen grains with striate-rugulate surface. The comparison of some morphological characters of the Rhabdosciadium species is given in Table 3 .
lected in Turkey. Rhabdosciadium microcalycinum is local endemic on serpentine areas in Elazıg and Bingöl provinces. R. oligocarpum has very local small populations in Amanous Mountain in Osmaniye provinces. The Amanous range is an interesting area, occupying an intersection of the Mediterranean phytogeographical region and the Anatolian Diagonal, with many Euro-Siberian phytogeographical region enclaves. The area is very rich endemic plants. According to Zohary (1973) , because of climatological peculiarities (e.g. sizeable rain- fall, some occurring during summer months, and high atmospheric humidity in some parts of this mountain system), and probably also because of its floristic past, the Amanous system occupies a special place in the flora of the East Mediterranean province.
The concept of the Diagonal was first proposed by P.H. Davis, who defined it as an oblique belt running from the north-east southward of the Anti-Taurus, it was then divided into two areas, with one branch to the Amanous (Amanos Dagları), the other to the Cilician Taurus (Davis 1971) . The series of mountain ranges are commonly known as the Anti-Taurus, which is divided into two arms. The one tends northward and joins the Pontic system, while the other turns eastwards joining the Zagaro system south of Van Lake (Zohary 1973) . The eastern (Cilician) Taurus is made up of a series of broken or partly continuous parallel arch-like folds starting from north of Silifke (Mersin province) and running in a north-east trend (Zohary 1973) . Thirty three percent of the total species growing in Turkey are found along the diagonal, while 5% are more or less restricted to it (Ekim & Güner 1986 ).
The Zagros system of the Irano-Turanian region can be divided roughly into three parts: the Anatolian, the Iraq, and the Iranian. These divisions are justified in as far as each of the parts has some floristic peculiarities of its own. Iranian endemic genera members are restricted to the Zagros Mountains such as seven Umbelliferae genera (Sclerochorton, Azilia, Haussknechtia, Rhabdosciadium, Rhopalosciadium, Oliveria and Mozaffariania) (Noorozi et al. 2008 ). The Zagros is built up of parallel ridges with more or less deep intermountain valleys and other lowlands formed by water sources and faults.
R. microcalycinum was evaluated as an IranoTuranian element by Hedge & Lamond (1972) . We evaluated R. oligocarpum as an East Mediterranean element. Although this species is one of the species in Rhabdosciadium genus which grows in East Mediterranean phytogeographic region, the others can be found in Irano-Turanian phytogeographic region. Although the Amanous Mountains are placed in Mediterranean phytogeographic region, the mountains have features of the Euro-Siberian phytogeographic region. While R. oligocarpum is grown in microclimate of EuroSiberian phytogeographic region, R. microcalycinum is distributed in a microclimatic valley of Mediterranean phytogeographic region between Ergani-Maden in Irano-Turanian phytogeographic region.
Collected Rhabdosciadium microcalycinum and R. oligocarpum species were separated easily according to branches, bracteates on peduncle, peduncle and ray length, sepal and stilopodium morphological characters. The analysis of the scored ISSR bands revealed that the five genera and six species are used. Phylogenetic separation dendogram of these species was composed of two major groups that are similar to one another at a level of 47%. Rhabdosciadium and Echinophora were placed in first major group. The most similar species Rhabdosciadium microcalycinum and R. oligocarpum (83%) are separated from Echinophora (41%).
As a result Rhabdosciadium species is greatly distinct from other genera. The other major group consists of Myrrhoides, Chaerophyllum and Anthriscus (Fig. 10 ). Molecular study of Downie et al. (2000) about the phylogeny of Apiaceae tribe Scandiaceae, which based on ITS 1 and ITS 2 sequence analysis, shows parallelism with ISSR study results. The study of Downie et al. (2000) was composed of Myrrhoides, Chaerophyllum and Anthriscus in Daucus clade. Rhabdosciadium and Echinophora represented in Angelica and Aegopodium clade respectively.
